p204 is a 72-kDa interferon-inducible murine protein (12, 13) . The interferons are cytokines with antimicrobial, immunomodulatory, and cell growth-regulatory activities, which also affect differentiation (50, 72, 75) . The various activities of the interferons are performed by numerous interferon-inducible proteins. p204 is a member of the interferon-inducible p200 family of proteins which are encoded by genes in the gene 200 cluster. These genes arose from a common ancestor by repeated duplication (12) . The p200 family proteins in mice (p202a, p202b, p203, p204, and D3) (12, 13, 17, 30, 34, 46, 51, 76, 79) and in humans (myeloid nuclear differentiation antigen [MNDA] , IFI16, and AIM2) (8, 9, 21, 22, 25, 41, 77) share a partially conserved sequence of 200 amino acids adjacent to their C termini. Proteins p204, p202a, p202b, and IFI16 each have two copies of this partially conserved sequence, one of the "a" and one of the "b" type, whereas other p200 proteins have only one copy of either the a or the b type.
p202a is an interferon-inducible protein which inhibits cell growth when only two-to threefold overexpressed, apparently by inhibiting the activities of various transcription factors, e.g., c-Jun, c-Fos, AP2, E2F-1, E2F-4, NF-B, MyoD, myogenin, p53, and c-Myc (15, 16, 18, 19, 52, 56, 80) . In most of these cases, p202a binds the transcription factor and prevents its sequence-specific binding to DNA. In the case of c-Myc, the mechanism is different: p202a binds to c-Myc, and this inhibits the binding of c-Myc to Max (80) . The activity of p202a is inhibited by the binding of p53 BP1, a protein originally discovered as binding p53 (18) .
The level of p202a, which is high in adult mouse skeletal muscle (19) , increases more than 10-fold during the fusion of cultured C2C12 myoblasts to myotubes. This increase in the p202a level follows the shift of myoblasts from growth medium (GM) to differentiation medium (DM) after a delay: most of the increase occurs between 48 and 72 h. Overexpression of p202a prior to induction of differentiation inhibits differentiation. p202a inhibits MyoD gene expression and the transcriptional activities as well as the binding of both MyoD and myogenin to DNA. p202a has antiapoptotic activity (44) . p202b, which is also inducible by interferon, differs from p202a in only 7 of 445 amino acids (79) . The disruption of the gene encoding p202a in mice results in a compensatory increase in the level of the p202b protein.
p204 is primarily nucleolar in AKR-2B, a cloned murine embryo cell line (13) . If overexpressed, p204 inhibits cell proliferation (49, 51, 52) and rRNA transcription (52) . This inhibition is a consequence of the binding of p204 to the rRNAspecific transcription factor upstream binding factor (UBF), which prevents the specific binding of UBF to the regulatory region of the ribosomal DNA genes. p204 has also been shown to be required for cytomegalovirus (CMV) proliferation in mouse embryo fibroblasts (37) . The characteristics of the human and murine p200 family proteins have been reviewed (22, 41, 46, 51) .
These studies started by comparing the levels of p204 in various tissues of adult mice. The high levels of p204 observed in heart and skeletal muscles and the increase in the level of p202a, a p204 homolog, during C2C12 myoblast fusion to myo-tubes (19) prompted the present investigation into the effects of myoblast differentiation on p204 levels.
Myoblast differentiation is coordinated by a family of muscle-specific transcription factors (myogenic factors) that includes MyoD (20) , Myf5 (7), myogenin (27, 85) , and MRF4 (57, 67) . All members of this family share homologous basic helix-loop-helix (bHLH) domains (48, 58, 61, 64) that mediate heterodimerization with the ubiquitous bHLH proteins E 12 and E 47 (47) and allow binding to E box sequences (CANNTG) in DNA (10, 47) . These sequences are functionally important elements in transcriptional enhancers of muscle differentiation genes (e.g., MyoD or muscle creatine kinase). Ectopic expression of any of the myogenic factors in some nonmyogenic cell types (e.g., 10T1/2 fibroblasts) results in increases in the expression of various muscle differentiation genes and possibly in the fusion of the myoblasts to form myotubes (2, 11, 20, 71) . Differentiation of skeletal muscle entails transcriptional activation of muscle-specific genes coupled with irreversible cell cycle withdrawal (48, 60, 68) . In general, MyoD and Myf5 are expressed in proliferating myoblasts, whereas myogenin and MRF4 are expressed only after the myoblasts exit the cell cycle (54, 61, 68) . The negative regulators of muscle differentiation include Id (inhibitor of differentiation) proteins, which form heterodimers with the myogenic factors and inhibit their binding to DNA (5, 40, 53, 55, 87) .
MyoD function is regulated in various ways. For example, phosphorylation of MyoD Ser200 (by CDK2) in proliferating myoblasts accelerates its degradation by the ubiquitin pathway (42, 65, 74) , CDK4 binding to MyoD in the nucleus inhibits its binding to DNA (88) , and acetylation of lysine residues in MyoD by pCAF increases its affinity for DNA, stimulates transcription, and stimulates myogenic conversion of transfected mouse fibroblasts (70) .
Here we report that (i) during the fusion of cultured C2C12 myoblasts to myotubes, the level of p204 increases significantly, p204 becomes phosphorylated, and the bulk of p204 appears in the cytoplasm of the myotubes; (ii) this increase in p204 during myoblast fusion is due to transcription by the muscle-specific transcription factor MyoD; (iii) overexpression of p204 in C2C12 myoblasts (carrying an inducible p204 expression plasmid) accelerates the fusion to myotubes in DM and can induce the fusion even in GM; and (iv) the level of p204 also increases significantly during mouse heart muscle differentiation. These results reveal that p204 is involved in two biological processes: muscle differentiation and interferon action.
MATERIALS AND METHODS
Plasmid constructs. To obtain green fluorescent protein (GFP) fusion protein expression plasmids, full-length 204 cDNA or a mutant 204 cDNA (⌬70-99) lacking 30 nucleotides (70-TTATTTAAGTCATTGCTGGCC AGAGATTTA-99) from the sequence encoding the nuclear export signal (NES) was inserted into the EcoRI/BamHI sites of the pEGFP-N1 expression vector (Clontech).
The Ifi204-specific reporter gene plasmids pGL3MyoD3-luc, pGL3MyoD4-luc, and pGL3MyoD6-luc were constructed from three segments that were obtained as PCR products from the Ifi204 gene 5Ј-flanking region of BAC clone 225 (nucleotides Ϫ1578 to Ϫ1324, Ϫ1578 to Ϫ710, and Ϫ1578 to ϩ38 [see Fig. 7A ]) by using three sets of primers (5Ј-AAGCGCTAGCCCTCAGCTGTG-3Ј and 5Ј-AAGCAGATCTGTGTATGGCAGC-3Ј; 5Ј-AAGCGCTAGCCCTCAGCT GTG-3Ј and 5Ј-AGCAGATCTTGAAGCTGGCAC-3Ј; and 5Ј-AAGCGCTAG CCCTCAGCTGTG-3Ј and 5Ј-AAGCAGTCTTCAGGCTGGTCTC-3Ј). The PCR products were digested with BglII and NheI and inserted into a pGL3 vector (Promega) previously cleaved with BglII and NheI. The wild-type plasmid and three pairs of primers (with mutations or deletions) [5Ј-AAGCGCTAGCCCT GCGCTGTG-3Ј and 5Ј-AAGCAGATCTGTGTATGGCAGC-3Ј; 5Ј-AAGCGC TAGCCCTCAGCTGTG-3Ј and 5Ј-AAGCAGATCT(cac)CTGACAGACCAG-3Ј; 5Ј-AAGCGCTAGCCCTGCGCTGTG-3Ј and 5Ј-AAGCAGATCT(cac)CTG ACAGACCAG-3Ј] were used to generate three mutants of the pGL3MyoD3-luc reporter plasmid by PCR. (The mutated nucleotides in the primers are underlined, and the deleted nucleotides are enclosed in parentheses and lowercased.)
After amplification the PCR products were inserted into the BglII/NheI sites of the pGL3 vector.
Generation of stable cell lines in which Muristerone treatment induces p204. Cell lines were derived from C2C12 myoblasts by transfection of constructs encoding Muristerone receptors and selectable markers from the EcdysoneInducible Expression Kit (Invitrogen), as well as inducible p204. Briefly, plasmid pVgRXR encoding hormone receptor was introduced into the myoblasts, and the transfectants were selected by using 1 mg of Zeocin/ml. C9, one of the cell lines obtained, was highly inducible in an assay based on ␤-galactosidase activity. Subsequently, an empty vector (pIND) or a p204 expression plasmid (pIND-204) was transfected into the clone C9 line, transfectants were selected using 1.2 mg of G418/ml, and the levels of p204 induced by Muristerone in the individual transfected lines were compared by Western blotting.
Expression and purification of GST fusion proteins. For expressing glutathione S-transferase (GST) fusion proteins, the appropriate plasmids (pGEXMyoD [47] , pGEX-204 [52] , and pGEX-202 [14] ) were introduced into Escherichia coli DH5␣ (GIBCO/BRL). The fusion proteins synthesized were affinity purified on glutathione-agarose beads as previously described (52) .
Preparation of immunoaffinity-purified anti-p204 antibodies. The preparation of a rabbit antiserum against a p204 segment linked to GST has been described elsewhere (52) . To purify the anti-p204 antibodies, the anti-GST activity in the rabbit serum was depleted by using GST protein immobilized on glutathioneagarose beads. The depleted serum was incubated with Affi-Gel-10 (Bio-Rad) beads to which purified GST-204 (amino acids 129 to 177) was covalently linked. The bound antibodies were eluted from the beads with 0.15 M glycine buffer (pH 2.5) and immediately neutralized with 1.5 M Tris-HCl buffer (pH 8.0). The preparation of rabbit antiserum against p202a has been described elsewhere (17) .
Assay of the tissue distribution of p204 in mice by immunoblotting. Representative samples of organs from adult mice (of the C129 and C57BL/6 inbred strains) were dissected and homogenized in a buffer (20 mM Tris ⅐ HCl (pH 7.5), 150 mM NaCl, 10 mM dithiothreitol [DTT]) supplemented with 1 mM phenylmethylsulfonyl fluoride [PMSF], 10 g of aprotinin/ml, 5 g of ml pepstatin/ml, and 5 g of leupeptin/ml. The protein concentrations of the solutions were determined after the solutions were clarified by centrifugation using the Protein Assay Kit (Bio-Rad). Protein samples (20 g) were subjected to sodium dodecyl sulfate-10% polyacrylamide gel electrophoresis (SDS-10% PAGE) and electroblotted onto Immobilon-P transfer membranes (Millipore). After being blocked with blocking solution (20 2 and 90% air at 37°C. Where indicated, after reaching confluency, the cultures were shifted to DM (DMEM-0.5% horse serum) for the times indicated. Where indicated, C2C12 cultures at around 40% confluency were treated with 1,000 U of alpha interferon/ml (81) for 48 h. 10T1/2 cells at 50% confluency were transfected with 3 g of pCMV-MyoD by the Lipofectamine procedure (GIBCO/BRL); 24 h after transfection, the cultures were confluent and were shifted to DM for 3 days. For isolating and culturing neonatal murine myocytes (84) , hearts from newborn mice were dissected. The cells were dispersed by trypsinization, plated on glass coverslips, and cultured in DMEM-10% FBS in 5% CO 2 and 95% air for 4 days. For staining, the cells were fixed with cold acetone-methanol (1:1) for 20 min and air dried. After rehydration in phosphate-buffered saline (PBS) and blocking with 30% goat serum in PBS for 30 min, the cells were incubated with primary antibodies against p204 (diluted 1:100) at room temperature for 1 h. After being washed with PBS, the coverslips were incubated with secondary antibodies (against rabbit IgG) conjugated with fluorescein isothiocyanate (FITC; diluted 1:400; Santa Cruz) for 45 min. In the case of double immunofluorescence, the neonatal murine myoblasts were fixed, rehydrated, blocked with 10% goat serum in PBS for 30 min, and incubated with primary antibodies against p204 (diluted 1:100) and ␣-actinin (Sigma; diluted 1:800) at room temperature for 1 h. Secondary antibodies against mouse IgG conjugated with rhodamine (diluted 1:2,000; Sigma) and against rabbit IgG conjugated with biotin (diluted 1:200; Vector) were applied for 30 min, followed by an incubation with streptavidin conjugated with fluorescein (diluted 1:200; Vector) for 30 min. To test whether C2C12 myoblasts incubated in DM in the presence of 2 ng of leptomycin B (LMB)/ml for 3 days become biochemically differentiated, the cultures were incubated first with primary antibodies (i.e., mouse monoclonal anti-␣-actinin antibodies [Sigma; diluted 1:800] and rabbit polyclonal anti-MyoD antibodies [Santa Cruz; diluted 1:100]) at room temperature for 1 h and thereafter with secondary antibodies (i.e., anti-mouse IgG conjugated with rhodamine [Santa Cruz; diluted 1:100) and anti-rabbit IgG conjugated with FITC [Santa Cruz; diluted 1:400]) for 45 min. In each case, the nuclei were stained with 0.5 g of 4Ј, 6Ј-diamidino-2-phenylindole dihydrochloride (DAPI). The specimens were observed under a fluorescence microscope with appropriate optical filters. Microscopic images were captured using the Image Pro program (Media Cybernetics) and an Olympus microscope. Pictures were arranged using the Adobe Photoshop program.
Immunohistochemistry. To obtain timed-pregnant animals, C57BL/6J mice were paired overnight. The next morning was considered embryonic day (E) 0.5 if a vaginal plug was present. The embryos were dissected and frozen in freezing medium on dry ice. Sections (8 m) were cut on a cryostat and stained either with preimmune serum or with anti-p204 antibodies using the Histostain-Plus Kit (Zymed Laboratories, Inc.). To quench endogenous peroxidase activity, the slides were submerged in 3% hydrogen peroxide for 10 min. After blocking, the slides were incubated with either preimmune serum or anti-p204 antibodies (diluted 1:50) in TBS (50 mM Tris ⅐ HCl (pH 7.8)-0.025% Tween 20) for 45 min, followed by addition of biotinylated secondary antibodies, streptavidin-peroxidase, and, for visualization, DAB substrate-chromogen solution. The nuclei were stained with methyl green, and the slides were observed under a light microscope. The images were processed as described above.
Two-dimensional (2-D) nonequilibrium pH gradient electrophoresis. C2C12 myoblasts, either treated with 1,000 U of interferon/ml in GM for 48 h or maintained in DM for 3 days, were lysed in radioimmunoprecipitation assay buffer (56) supplemented with the following proteinase inhibitors: 1 mM PMSF, 10 g of aprotinin/ml, 5 g of pepstatin/ml, and 5 g of leupeptin/ml. To generate cell lysates for calf intestinal phosphatase (Cip) treatment, the cells were harvested in a buffer (50 mM Tris ⅐ HCl [pH 7.5]-1 mM MgCl 2 ) and briefly sonicated. The supernatant fraction was incubated with Cip (30 U/100 g of total protein) at 30°C for 30 min, and the reaction was terminated by addition of an equal volume of 2ϫ NEPHGE loading buffer, comprising 8 M urea, 65 mM 3-
.75% Bio-Lyte 3-10 ampholyte (Bio-Rad), and 1.25% BioLyte 7-9 ampholyte (Bio-Rad). To generate cell lysates for fractionation, the cells were lysed in a buffer (50 mM HEPES-NaOH [pH 7.6], 150 mM NaCl, 5 mM NaF, 1 mM Na 3 VO 4 , 0.5% NP-40) supplemented with the proteinase inhibitors listed above. The lysate was divided into nuclear and cytoplasmic fractions as described previously (17) . Each sample was diluted with NEPHGE loading buffer (1:1) and loaded onto a 4.5% PAGE gel containing 8 M urea, 25 mM CHAPS, 3.3% Bio-Lyte 3-10 ampholyte, and 1.6% Bio-Lyte 7-9 ampholyte. The first dimension was electrophoresed at 250 V for 1.5 h. After equilibration, the rod gels were subjected to SDS-10% PAGE. The separated proteins were transferred onto a nitrocellulose membrane and processed for immunodetection with anti-p204 antibodies as described above.
Transient transfection assay. 10T1/2 or C2C12 cells grown to 50% confluency in GM in 6-well plates were transfected with 1 g of either one of the p204-specific reporter plasmids (pGL3MyoD3-luc, pGL3MyoD4-luc, or pGL3Myod6-luc) or one of the mutants of pGL3MyoD3-luc [i.e., pGL3MyoD3(mut1)-luc, pGL3MyoD3(mut2)-luc, or pGL3MyoD3(mut1,2)-luc] using the Lipofectamine procedure (GIBCO/BRL). In the case of 10T1/2 cells, the indicated amounts of pCMV-MyoD were cotransfected, and the pCMV vector was added to bring the total amount of DNA transfected to 5 g. In each case, a pSVgal internal control plasmid (1 g) was cotransfected. At 48 h after transfection, when the cultures were confluent, they were either harvested or shifted to DM for the times indicated. Luciferase and ␤-galactosidase activities were analyzed using the Luciferase Reporter Gene Assay (Boehringer Mannheim) and the ␤-Galactosidase Enzyme Assay System (Promega), respectively.
Gel mobility shift assay (GMSA). A 255-nucleotide DNA segment from the murine Ifi204 gene 5Ј-flanking region (nucleotides Ϫ1578 to Ϫ1324 from pGL3MyoD3-luc) was labeled with 32 P using T4 DNA kinase. The binding assay was performed in a 20-l volume containing 10 mM Tris ⅐ HCl (pH 7.5), 50 mM NaCl, 1 mM DTT, 1 mM EDTA, 5% glycerol, 1 g of poly(dI-dC), 3 ng of the labeled DNA probe, and various combinations of GST, GST-MyoD, GST-204, GST-202, anti-MyoD IgG, and the wild-type or mutant MEF-1 oligonucleotide (Santa Cruz). After incubation at room temperature for 35 min, the samples were subjected to 6% PAGE in 0.5% TBE (45 mM Tris-borate-1 mM EDTA) at 15 V/cm at room temperature for 3 h. The gel was dried, and autoradiography was performed at Ϫ70°C.
Sequence analysis. To search for MyoD recognition sequences in the Ifi204 gene 5Ј-flanking region (GenBank accession number AC006944), the MatInspector, version 2.1, database (63) was used, and the parameter selected for both core similarity and matrix similarity was 0.8.
RESULTS
Tissue distribution of p204 in adult mice. The distribution of p204 in adult mice was examined by multiple-tissue Western blotting ( Fig. 1 ). Both the C129 and C57BL/6 inbred strains had the highest levels of p204 in the heart, followed by skeletal muscle and kidney ( Fig. 1 ). Since p204 is inducible by interferon in C129 mice, but not in C57BL/6 mice or their tissues (in consequence of a defect in transcription factor activity) (13, 31) , these results suggested that the levels of p204 in these tissues were not determined solely by interferon.
Increase in the p204 level and appearance of p204 in the cytoplasm during the differentiation of C2C12 myoblasts to myotubes. The high level of p204 in heart and skeletal muscle tissues of adult mice suggested that p204, first identified as an interferon-inducible protein, might also be involved in muscle differentiation. This consideration, together with the fact that p202a, another p200 family member, was found earlier to be strongly induced during the fusion of C2C12 myoblasts to myotubes (19) , prompted us to compare the expressions of p204 before and after C2C12 myoblast fusion using immunofluorescence microscopy ( Fig. 2 , left panels). p204 was undetectable or barely detectable in C2C12 myoblasts proliferating in GM ( Fig. 2A , B, and C). Upon treatment with interferon, p204 was induced in the nuclei, but more in the nucleoplasm than in nucleoli (Fig. 2D , E, and F). This clearly is different from the case of AKR-2B fibroblasts, in which the highest concentration of interferon-induced p204 was found in the nucleoli (13) . The fusion of myoblasts into myotubes in DM for 3 days resulted in a large increase in the p204 level and the appearance of p204 in the cytoplasm, while it also remained in the nucleus (Fig. 2G , H, and I). This p204 distribution persisted in the cultured myotubes 1 week after their fusion (Fig.  2J , K, and L). p204 was formerly considered a nuclear protein (13) . This is the first time that p204 was observed in the cytoplasm.
To establish whether the distribution of p204 between the nucleus and the cytoplasm is correlated with differential phosphorylation (see also reference 13), 2-D gel electrophoresis and immunoblotting were performed (Fig. 3) . The protein sample from C2C12 myoblasts in GM treated with alpha interferon for 48 h gave rise to a single spot designated the original spot (Fig. 3, top left) . The protein sample from C2C12 cultures fused to myotubes in DM for 72 h showed, in addition to the original spot, another, more acidic spot (Fig. 3, top  right) . To test whether this additional spot was due to the phosphorylation of p204, the sample was treated with alkaline Cip. As shown, the additional spot disappeared after Cip treatment, indicating that it represented a phosphorylated p204. The Cip treatment did not change the mobility of the original spot, suggesting that p204 induced by interferon was not phosphorylated. Samples from differentiated C2C12 myotubes were fractionated into nuclear and cytoplasmic fractions, and 2-D gel electrophoresis revealed that each fraction produced only one spot. The spot from the nuclear fraction corresponded to the original spot, whereas that from the cytoplasmic fraction corresponded to the more acidic, phosphorylated additional spot. These data reveal that cytoplasmic p204 isolated from C2C12 myotubes was phosphorylated (or at least more phosphorylated than p204 from the nuclei). Although the lack of change in the mobility of the interferon-induced nuclear p204 spot upon treatment with Cip is consistent with the protein being unphosphorylated, further studies are needed to verify this conclusion. Earlier we reported that the level of p202a (like that of p204) increases during the differentiation of myoblasts to myotubes (19) . An immunocytochemical examination (Fig. 2 , right panels) revealed (i) the low level of p202a in C2C12 myoblasts in GM (Fig. 2M); (ii) the induction by interferon, and the primarily nuclear localization of the induced p202a in myoblasts in GM (Fig. 2P) ; and (iii) the large increase in the p202a level, and the partial translocation of p202a to the cytoplasm, during the fusion of myoblasts to myotubes in DM (Fig. 2S ) (see also reference 19). A small portion of p202a was cytoplasmic even in the myoblasts treated with interferon in GM (Fig.  2P) . It is conceivable that this is due to the slow movement of the interferon-induced p202a from the cytoplasm to the nucleus (17) and that upon incubation beyond 48 h, the p202a might all become nuclear.
The NES in p204 is required for the translocation of p204 to the cytoplasm during myoblast fusion. A typical leucine-rich NES (-Leu-X-X-X-Leu-Leu-X-X-X-Leu-X-Leu-[where X is any amino acid]) (28, 32, 36) occurs in the N-terminal region of p204. To establish whether this NES is required for the appearance of p204 in the cytoplasm, we generated a p204 derivative lacking all but the last two amino acids of the NES. To facilitate the subcellular localization of p204 and its derivative lacking the NES, we generated expression plasmids encoding p204 linked to GFP (p204GFP) and also p204 lacking the NES linked to GFP [p204(ϪNES)GFP]. Figure 4 reveals that in C2C12 myoblasts in GM, free GFP is distributed throughout the entire cell (Fig. 4A) , whereas p204GFP and p204(ϪNES) GFP are restricted to the nucleus ( Fig. 4B and C) . In C2C12 cultures in DM, GFP is spread over the myotubes. p204GFP is present both in the nuclei and in the cytoplasm of the myotubes (Fig. 4E) , whereas p204(ϪNES)GFP is restricted to the nuclei (Fig. 4F) . These results reveal that the NES is required for the appearance of p204 in the cytoplasm of the myotubes during differentiation. It should be noted that although only two nuclei are shown (in Fig. 4F ), p204(ϪNES)GFP was exclusively nuclear in the whole inspected visual field with numerous myotubes.
LMB inhibits the appearance of p204 in the cytoplasm, the fusion of C2C12 myoblasts into myotubes, and the synthesis of the myotube protein ␣-actinin. We examined the effect of LMB, an inhibitor of NES-dependent nuclear export (29, 45, 62) , on the subcellular localization of p204 in a C2C12 culture induced to undergo myotube formation in DM. As expected, p204 appeared in the cytoplasm of myotubes in the absence of LMB ( Fig. 5A and C) . However, when LMB at a concentration as low as 2 ng/ml was present in the DM, p204 remained essentially restricted to the nuclei ( Fig. 5D and F) . The effect of LMB on the differentiation of C2C12 myoblasts into myotubes was also examined (Fig. 5G through I ). As expected, shifting of the confluent culture of C2C12 myoblasts from GM (G) to DM (H) resulted in the fusion of the myoblasts to myotubes. Surprisingly, however, in the presence of 2 ng of LMB/ml, a confluent culture of C2C12 myoblasts did not form myotubes (though changed in shape) after being shifted to DM (Fig. 5I) . This phenomenon was reproduced using higher concentrations of LMB (20 and 200 ng/ml [data not shown]). The morphology of the cultures remained similar to that in GM, except that more floating cells were observed. We also explored whether LMB blocks the accumulation of ␣-actinin, a protein present in differentiated myotubes but not in the precursor myoblasts (73) . The results (Fig. 5, right panel) reveal   FIG. 2 . p204 and p202a are barely detectable in C2C12 myoblasts in GM; in GM supplemented with interferon they accumulate in the nuclei. During myoblast fusion in DM, p204 and p202a levels strongly increase, and both proteins become distributed between the nuclei and the cytoplasm of the myotubes. (Left) C2C12 myoblasts were cultured in GM in the absence (GM) or presence (GMϩIFN) of 1,000 U of interferon/ml for 48 h. Upon reaching confluency, the cultures were shifted to DM and incubated for 3 days (3d) or 7 days (7d). After fixation and blocking, the cultures were stained with anti-p204 antibodies (A, D, G, and J), and the nuclei were stained with DAPI (B, E, H, and K); the overlapping regions of these two signals are shown as "merge" (C, F, I, and L). (Right) The cultures were processed as for the left panel except that an anti-p202a antiserum was used (M, P, and S), and the cultures were incubated in DM for 3 days. Bars, 6 m. The anti-p202a antiserum recognized both p202a and p202b. There is no antiserum available at present to distinguish these two highly similar proteins. Thus, what is designated p202a is likely to consist of a mixture of p202a and p202b (see reference 79). For further details, see Materials and Methods.
that it does. ␣-Actinin was not detected in C2C12 myoblasts in GM (Fig. 5J) , whereas it accumulated in the myotubes formed after the myoblast culture was incubated in DM (Fig. 5K) , and it was again undetectable in the cultures incubated in DM in the presence of LMB (Fig. 5L ). Figure 5 also shows the inhibition of MyoD accumulation by LMB (compare Fig. 5N and O) and the partial overlap of ␣-actinin with MyoD in the cytoplasm of the myotubes (Fig. 5N and T) . These results indicate that LMB also blocks the synthesis of a protein (␣-actinin) normally appearing during the fusion of myoblasts to myotubes. It remains to be explored whether and how the inhibition of the appearance of p204 in the cytoplasm contributed to the inhibition of differentiation by LMB.
The level of p204 is similarly low in 10T1/2 fibroblasts cultured in GM or DM. Transfected MyoD increases this level in cells in GM, and results in the fusion of cells in DM to myotubes, as well as a further increase in the p204 level and a shift of the majority of p204 to the cytoplasm.
We have reproduced a finding that the transfection of MyoD into 10T1/2 fibroblasts converts them to myoblasts, which fuse to myotubes in DM (20, 83) , as C2C12 myoblasts do. Figure 6 shows the effects of the transfection of MyoD into 10T1/2 fibroblasts on the p204 level as examined by immunofluorescence microscopy. The p204 staining was equally faint in the nuclei and somewhat more pronounced in the nucleoli of 10T1/2 cultures in GM or DM (Fig. 6A, C, G, and I) , indicating that shifting of the culture to DM did not induce p204 accumulation. Transfection of MyoD and incubation of the transfected cultures in GM resulted in a pronounced increase in p204 expression in the nuclei, mostly in their nucleolar regions ( Fig. 6D and F) . Shifting of a confluent culture of 10T1/2 cells which had been transfected with MyoD to DM resulted in the appearance of myotubes, a further strong increase in the p204 level, and the appearance of the majority of p204 in the cytoplasm (Fig. 6J and L) . These results indicate a correlation between the differentiation of myoblasts to myotubes and the induction and appearance of p204 in the cytoplasm.
MyoD-specific sequences in the 5-flanking region of the Ifi204 gene drive the expression of p204 during skeletal muscle differentiation. The availability of the recently completed Ifi204 sequence allowed us to explore the identity of the enhancer(s) driving the expression of p204 during skeletal muscle differentiation. Ifi204 is a part of BAC clone 225, the clone that our laboratories had identified, sequenced, and analyzed (to be reported elsewhere). A 1.6-kb segment from the 5Ј-flanking region of the Ifi204 gene (Fig. 7A ) was found to contain at least six MyoD-specific sequences. This finding, together with the fact that the transfection of MyoD resulted in an increase of the expression of p204 in 10T1/2 fibroblasts even in GM, i.e., without differentiation (compare Fig. 6A and D) , prompted us to test for the involvement of MyoD-specific sequences in the induction of p204 during differentiation. For this purpose three reporter gene plasmids (pGL3MyoD3-luc, pGL3MyoD4-luc, and pGL3MyoD6-luc) were generated in which segments with MyoD-specific sequences from the 5Ј-flanking region of Ifi204 (Ϫ1578 to Ϫ1324, Ϫ1578 to Ϫ710, and Ϫ1578 to ϩ38) were linked to the upstream end of a region encoding luciferase in the pGL3 vector (Fig. 7B) . As shown in Fig. 7B , the numbers after MyoD (i.e., 3, 4, or 6) in the three reporter plasmids indicate the number of MyoDspecific sequences in the plasmids. Transfection of the reporter plasmid into 10T1/2 fibroblasts in GM resulted in luciferase expression, with the extent of expression increasing with the length of the Ifi204 segment in the reporter (Fig. 7C) . Cotransfection of the reporter plasmids with a MyoD expression plasmid strongly increased the expression of each of the reporters in a MyoD dosage-dependent manner (Fig. 7C) . 3 . p204 in the cytoplasm of C2C12 myotubes is phosphorylated, whereas p204 in the nuclei of myoblasts is not. Cell lysates, prepared from C2C12 myoblasts incubated in GM supplemented with 1,000 U of interferon (IFN)/ml for 48 h, or incubated in DM (without interferon) for 3 days, were either left untreated or treated with Cip. The lysate of cells incubated in DM for 3 days was fractionated into nuclear (N) and cytoplasmic (C) fractions. Samples from these were analyzed by 2-D electrophoresis (NEPHGE), electroblotted to membranes, and visualized using anti-p204 antibodies. The first isoelectric focusing (IEF) and second (SDS) dimensions of the analysis are indicated. Large and small arrowheads indicate phosphorylated and nonphosphorylated p204, respectively. For further details, see Materials and Methods.
Since p204 has been identified as an interferon-inducible protein, the effects of interferon on the expression of the three reporter genes were tested. As shown in Fig. 7D , exposure of the transfected cells to interferon increased the expression of the longest reporter while inhibiting the expression of the two shorter reporters. Since only the longest reporter (but not the two shorter reporters) included interferon-responsive GA boxes (39) (see Fig. 7A ), the boost of this reporter's expression by interferon was expected. The extent of the stimulation (3.5-fold) was, however, much lower than that of the expression of p204 (e.g., in AKR-2B cells) by interferon (13) . This might be the consequence, at least in part, of the high basal level of expression of this reporter in the absence of interferon, due apparently at least in part to MyoD activity. The observation that the shorter reporters did not contain known interferonresponsive sequences, and that interferon actually decreased their expression, clearly indicates that the MyoD-dependent induction of p204 expression did not depend on interferon.
The inhibition of the expression of the two shorter reporter genes by interferon might be due to either the decrease in activity of transcription factors, or the increased activity of repressors, elicited by interferon. This inhibition of the activity of the two shorter reporters by interferon is not surprising, since interferon was shown to diminish the activity of many genes in addition to boosting the activity of many other genes (23).
As noted, the level of p204 increased strongly in the course of the differentiation of C2C12 myoblasts to myotubes. This prompted us to compare the ability of these cells incubated in GM and DM for various lengths of time to drive the expression of our reporter genes. Figure 7E reveals that shifting the cultures to DM resulted in a pronounced increase in this ability within 1 day and a further pronounced increase on day 2. By day 3, however, this activity diminished to a level close to that of a culture in GM. To make sure that this decrease on day 3 was not an artifact due to the inactivation of the reporter gene by day 3, we also kept transfected cultures in GM for 3 days after they reached confluency and observed that the ability of the cultures to drive expression of the reporters did not diminish during this time. It remains to be seen whether this decrease on day 3 is related to the reported increase in the level of p202a at this stage of differentiation (19) . We suspect that this is the case because p202a was shown earlier to inhibit both the expression of MyoD and the activity of both MyoD and myogenin (19) .
The shifting of 10T1/2 cultures from GM (Fig. 7F) to DM for 1 day did not increase the expression of the reporter plasmids unless the cultures had been transfected with MyoD (compare the values for GM plus MyoD and DM plus MyoD). These results are in good agreement with those of the immunofluorescence assay of the p204 level (compare Fig. 6A and  G) showing that the shifting of the 10T1/2 culture from GM to DM resulted in an increase in the p204 level only if the cultures had been transfected with a MyoD expression plasmid.
The muscle-specific transcription factor myogenin is expressed after the differentiating myoblasts exit the cell cycle, at a time when the level of MyoD is decreased. Since myogenin can bind the same E box sequences in DNA as MyoD, it was expected that myogenin might also promote the transcription of the reporter plasmids with the Ifi204 5Ј-flanking segments. The results in Fig. 7G reveal that it does: it enhanced the expression of the shortest and the longest reporter plasmids in a concentration-dependent manner. FIG. 5 . LMB inhibits the appearance of p204 in the cytoplasm, the fusion of C2C12 myoblasts to myotubes, and the synthesis of the muscle protein ␣-actinin. (A through F) C2C12 myoblasts grown to confluency in GM were shifted to DM for 3 days in the absence (A, B, and C) or presence (D, E, and F) of LMB (2 ng/ml). After fixation and blocking, the cultures were stained with anti-p204 antibodies (A and D) and the nuclei were stained with DAPI (B and E); the overlapping regions of these two signals are shown as "merge" (C and F). Bars, 5.5 m. (G through I) C2C12 myoblasts were cultured in GM to confluency (G) and were shifted to DM for 3 days in the absence (H) or presence (I) of LMB (2 ng/ml). The cultures were observed under a phase-contrast microscope. Bars, 150 m. (J through U), C2C12 myoblasts grown to confluency in GM (J, M, P, and S) were shifted to DM for 3 days in the absence (K, N, Q, and T), or the presence (L, O, R, and U) of 2 ng of LMB/ml. After fixation and blocking, the cultures were costained with primary antibodies to ␣-actinin (J, K, and L) and MyoD (M, N, and O). ␣-Actinin was visualized with secondary antibodies conjugated to rhodamine, and MyoD was visualized with secondary antibodies linked to FITC. The nuclei were stained with DAPI (P, Q, and R). Overlapping regions of the two antibody signals are shown as "merge" (S, T, and U). Bars, 6 m. For further details, see Materials and Methods.
The MyoD-dependent increase in the expression of the reporter genes driven by segments from the Ifi204 5-flanking region depends on MyoD-specific sequences. We wished to verify that the increase in the expression of our reporter genes in 10T1/2 cells that was observed after MyoD transfection was dependent on the MyoD-specific sequences. Thus, one or two of the three MyoD-specific sequences in pGL3MyoD3-luc were altered by either replacing or deleting nucleotides from the sequence (Fig. 8A) . The replacement of the two CA nucleotides with GC in the first of the MyoD-specific sequences in the reporter, or the deletion of the three GTG nucleotides from the third, resulted in a strong decrease in the responsiveness to MyoD of the expression of the reporter in 10T1/2 cells (Fig. 8B) . When both of these MyoD-specific sequences were altered, there was a complete loss of responsiveness.
These alterations in the MyoD-specific sequences had the same effect on the enhancement of the expression of the reporter in C2C12 cells (Fig. 8C) as that observed for 10T1/2 cells which had been transfected with MyoD (Fig. 8B ). In addition, the level of wild-type reporter gene expression was much higher in C2C12 cultures undergoing differentiation for 1 or 2 days than in cultures in GM (Fig. 8C) . In agreement with the observations above, the alterations in the MyoD-specific sequences greatly diminished this difference in expression level. Moreover, alteration of the first MyoD-specific sequence and partial deletion of the third resulted in reporter levels that actually were somewhat lower in differentiating C2C12 cells than in C2C12 cells in GM.
Purified MyoD binds to MyoD-specific sequences in the Ifi204 gene regulatory region in vitro. The binding of MyoD to Myo-D-specific sequences in the 5Ј-flanking region of Ifi204 was tested by electrophoretic mobility shift assays (EMSA).
Here we used as a probe the same 255-nucleotide segment from this region that was inserted into the pGL3MyoD3-luc reporter (Fig. 7B) . The EMSA revealed that GST did not bind, and GST-MyoD did bind, to the 255-nucleotide segment with the three MyoD-specific sequences (Fig. 9, lanes 1 and 2) . This binding was not affected by excess mutant MyoD-specific sequences but was inhibited by excess wild-type MyoD-specific sequences (Fig. 9, lanes 3 and 4) . As expected, antibodies to MyoD supershifted the complex (Fig. 9, lane 5) . GST-204 and GST-202 did not bind to the segment (Fig. 9, lanes 8 and 9) . In agreement with earlier findings, GST-202 inhibited the binding of GST-MyoD to DNA (19) , whereas GST-204 did not (Fig. 9,  lanes 11 and 10) . These results clearly establish the sequencespecific binding of purified MyoD to the MyoD-specific sequences in the 5Ј-flanking region of Ifi204.
Overexpression of p204 accelerates the fusion of C2C12 myoblasts to myotubes in DM and induces the fusion even in FIG. 6 . The levels of p204 are similarly low in 10T1/2 fibroblasts cultured in GM or DM. Transfected MyoD increases this level in the nuclei of cells in GM, and in cells in DM, it results in a further increase in the p204 level as well as a shift of the bulk of p204 to the cytoplasm. 10T1/2 fibroblasts grown to 50% confluency were transfected with 2 g of either the pCMV control vector (GM) or the pCMV-MyoD expression plasmid (GMϩMyoD) and were grown to confluency in GM. Duplicates of these two types of cultures were shifted to DM for 3 days (DM and DMϩMyoD, respectively). After fixation and blocking, the cultures were stained with anti-p204 antibodies and visualized with FITC-labeled secondary antibodies (A, D, G, and J); they were also stained with DAPI to visualize DNA (B, E, H, and K); the overlapping regions of these two signals are shown as "merge" (C, F, I, and L). Bar, 5 m. For further details, see Materials and Methods. At 48 h after transfection the cultures were harvested and lysed, and the ␤-galactosidase and luciferase activities were determined. The luciferase activities were normalized to the ␤-galactosidase activities. The numeral 1 over the leftmost bar indicates a relative luciferase activity of 1. (D) Treatment with interferon decreases the MyoD-dependent expression of the two shorter reporter genes but increases the expression of the longest reporter gene. After transfection with the reporter genes specified and pSVgal, 10T1/2 cells were incubated with or without 3,000 U of interferon/ml for 48 h. The procedure described for panel C was followed. (E) Expression of the reporter genes increases during the 1st 2 days of the fusion of C2C12 myoblasts to myotubes in DM but diminishes by day 3. C2C12 myoblasts grown to 50% confluency in GM were transfected with the reporter genes specified as well as pSVgal. At 48 h after transfection, the confluent cultures were either kept in GM for another 1 or 3 days (GM1 and GM3, respectively) or shifted to DM for 1 day (DM1), 2 days (DM2), or 3 days (DM3) before harvesting and processing. (F) The shifting of 10T1/2 cells to DM does not increase the expression of the reporter genes unless the cells have been transfected with a MyoD expression plasmid. Four 10T1/2 cultures grown to 50% confluency were transfected with the reporter genes specified and pSVgal. Pair 1 (serving as a control) of the four cultures was also transfected with 3 g of pCMV, whereas pair 2 was also transfected with 3 g of pCMV-MyoD. One culture from each pair was further incubated for 2 days in GM (GM and GMϩMyoD, respectively). After reaching confluency, the second culture from each pair was shifted to DM for 1 day (DM and DMϩMyoD, respectively). (G) Myogenin can drive the expression of 204-specific reporter genes in 10T1/2 cells. The indicated reporter gene was transfected into 10T1/2 cells together with the indicated amount of the pEMSV-myogenin expression plasmid, as well as pSVgal. The procedure described for panel C was followed. For further details, see Materials and Methods.
GM. By transfection of appropriate constructs into C2C12 cells, we generated several cell lines in which the level of p204 could be increased by incubation with the ecdysone analog Muristerone.
Incubation of cells of such a cloned line in confluent culture in GM with Muristerone for 2 days had no effect on the morphology of the myoblasts (Fig. 10B) . They looked the same as control cells (Fig. 10A) . Shifting the cultures to DM for 2 further days, however, resulted in the fusion of the large majority of the myoblasts to myotubes in the culture with induced p204 (Fig. 10D) , whereas the control culture remained primarily as myoblasts with only a very few myotubes detectable (Fig.  10C) . Extending the time of incubation of the cultures in GM (Fig. 10A and B) to 6 days altogether also resulted in the fusion of the cultures with induced p204 to myotubes (Fig. 10F) , whereas the control culture remained as myoblasts, at a higher cell density (Fig. 10E) .
These results reveal that an increase in the p204 level can accelerate fusion to myotubes in DM and makes this fusion possible even in GM. It should be noted that the Muristeroneinduced level of p204 in the cell line shown in Fig. 10 was twoto threefold higher than in the control line. Other Muristerone-inducible C2C12 lines, in which the increase in the p204 level was eight-to ninefold, did not fuse to myotubes, though they seemed to stop dividing and included rounded floating cells (data not shown).
The level of p204 in mouse heart muscle increases strongly during differentiation. Cytoplasmic p204 does not colocalize with the contractile apparatus in the cytoplasm. The observed regulation of p204 expression during skeletal muscle differentiation, together with the high level of p204 in the adult mouse heart, prompted us to examine the expression of p204 during embryonic mouse heart differentiation.
An immunohistochemical assay using antibodies to p204 revealed that the p204 level was very low in a 10.5-day-old mouse embryo heart (Fig. 11B) , increased by day 13.5 ( Fig.  11C) , and by day 16.5 ( Fig. 11D) reached a level close to that in a newborn mouse heart (Fig. 11F) and an adult mouse heart (data not shown). The control assays with preimmune serum resulted in only background staining ( Fig. 11A and E) .
As in the case of differentiated skeletal muscle myotubes, p204 appeared in the cytoplasm of cardiac myocytes isolated from a newborn mouse heart (Fig. 11G) .
Finding that p204 can associate with ␣-tropomyosine in a Transient transfection assays in C2C12 cells. C2C12 myoblasts grown to 50% confluency were transfected with the reporter genes specified and the pSVgal internal control plasmid. At 24 h after transfection, the confluent cultures were either incubated in GM for 1 further day (GM) or shifted to DM for 1 day (DM1) or 2 days (DM2). Thereafter, the cells were harvested and processed. For further details, see Materials and Methods.
yeast two-hybrid assay (data not shown) prompted us to examine whether cardiac myocyte p204 is associated with the contractile apparatus which can be visualized by the staining of ␣-actinin (4) (Fig. 11H) . A subsequent test for colocalization revealed that there was no significant overlap between p204 and ␣-actinin (Fig. 11G, H, and J) .
DISCUSSION
The high levels of p204 in adult mouse heart and skeletal muscle (Fig. 1) , the increase in the p204 level during the differentiation of myoblasts to myotubes, and the appearance of p204 (a nuclear protein in myoblasts) in the cytoplasm of the myotubes (Fig. 2 , left panels) resemble findings for p202a, another p200 family protein (19) (Fig. 2, right panels) . The similarity between the patterns of expression of the two proteins is not surprising, since the similarity between the 5Ј-flanking sequences of their genes over a region of at least 3 kb is approximately 97% (data not shown).
p204 contains a leucine-rich NES which is essential for its translocation from the nucleus to the cytoplasm in the course of the fusion of the myoblasts to myotubes: a p204-GFP fusion protein is translocated, whereas an otherwise identical fusion protein lacking part of the NES remains all nuclear (Fig. 4) . p202a, which is also translocated to the cytoplasm during skeletal muscle differentiation, is devoid of an obvious NES. Thus, its mode of translocation (possibly attached to a protein with an NES) remains to be explored.
The difference in phosphorylation between cytoplasmic and nuclear p204 (Fig. 3) is similar to that observed for several yeast and mammalian proteins, including transcription factors and repressors (3, 33, 38) , some of which carry an NES (28, 59) , as p204 does. It was proposed that phosphorylation of these proteins in the nucleus can convert them into targets for export receptors (3, 38) . Binding to such receptors results in the passage of these proteins from the nucleus to the cytoplasm, thereby separating the proteins from the nuclear genes they regulate. Dephosphorylation of these proteins in the cytoplasm may allow their reentry into the nucleus and resumption of the regulation of the expression of their target genes. It remains to be seen whether the reason for the nuclear export of p204 during myoblast differentiation is as discussed above, or whether p204 might have other functions, e.g., serving as a component of a nuclear export complex removing proteins that inhibit differentiation from the nucleus.
The kinase(s) responsible for the phosphorylation of p204, and the amino acid residue(s) phosphorylated, remains to be identified. However, antibodies to phosphotyrosine did not stain the phosphorylated cytoplasmic p204 (data not shown), making it likely that serine or threonine residues are phosphorylated. This would be consistent with the observation that other proteins exported from the nucleus also contained phosphorylated serine or threonine residues (24, 38, 43 ). An inhibitor of NES-dependent nuclear export, LMB, even when used at a concentration as low as 2 ng/ml, blocked myoblast fusion, the export of p204 to the cytoplasm, and the accumulation of the myotube protein ␣-actinin (Fig. 5) . The extent to which the inhibition of p204's nuclear export by LMB contributed to the inhibition of myotube formation remains to be explored.
Two findings prompted us to test for the involvement of MyoD in the transcription of the Ifi204 gene: (i) the fact that transfection of MyoD expression plasmids into 10T1/2 cells resulted in an increase in the level of endogenous p204 (Fig. 6 ) and (ii) the identification of several MyoD-specific E boxes in the 5Ј-flanking region of the Ifi204 gene (Fig. 7A) . Our experiments revealed that segments containing the MyoD-specific sequences in the 5Ј-flanking region of the Ifi204 gene could drive the MyoD-dependent expression of reporter genes ( Fig.  7B and C) . The MyoD-dependent transcription of the Ifi204 gene required the presence of at least two MyoD-responsive E box sequences, in agreement with published data concerning genes other than Ifi204 (1, 82) (Fig. 8) . Purified MyoD bound to the MyoD-specific sequences in the Ifi204 gene (Fig. 9) , and alteration of these MyoD-specific sequences inhibited the activity of the reporters (Fig. 8B) . The induction of myoblast differentiation also increased the MyoD-dependent transcription of reporter genes ( Fig. 7E and 8C ). These and other results established a role for MyoD in the expression of p204 in proliferating as well as in differentiating myoblasts. Not surprisingly, the transfection of a myogenin expression plasmid into 10T1/2 cells also enhanced the expression of reporter genes with the E box sequences in a dosage-dependent manner (Fig. 7G) . The extent of the myogenin-induced increase in reporter gene expression was less than that induced by MyoD (compare Fig. 7C and G) . The significance of this difference is unclear, however, since the expression of myogenin was driven by a weaker enhancer (LTR) (27) than that of MyoD (CMV) (19) . It remains to be determined whether myogenic proteins other than MyoD (20) and myogenin (27, 85 ) (e.g., Myf5 [7] or MRF4 [57, 67] ) can also induce the expression of p204.
The high level of p204 in the adult mouse heart prompted us to examine the p204 levels during embryonic heart development. Immunohistochemical examination revealed very low levels of p204 in an embryonic heart on day 10.5, medium levels on day 13.5, and close to peak levels by day 16.5, which were maintained until birth and beyond (Fig. 11A through F) . These findings indicate that p204 also is involved in heart muscle differentiation. As in the case of skeletal muscle myotubes, much of the p204 in isolated heart myocytes occurs in the cytoplasm (Fig. 11G through J) . The identity of the transcription factor(s) mediating the expression of p204 in heart muscle remains to be established.
Starting to explore the functions of p204 in skeletal muscle differentiation, we generated C2C12 lines, in which p204 can be induced by Muristerone. The induction of p204 in such a line accelerated the fusion of myoblasts to myotubes in DM and unexpectedly also resulted in myoblast fusion to myotubes in GM (Fig. 10) . It remains to be established whether this finding indicates (i) that the shifting of the culture to (growth factor-poor) DM is required primarily for allowing the accumulation of p204 or (ii) only that p204, which is known to inhibit cell proliferation when overexpressed (by Muristerone induction), can overcome the effect of growth factors (in the GM), thus allowing myoblasts to exit the cell cycle, as well as to fuse to myotubes. Whatever the case may be, the results warrant the exploration of the use of p204 in cases in which muscle differentiation is impaired (e.g., malignancy), as well as in cases in which muscle regeneration is beneficial.
The results presented reveal that p202a and p204, though structurally related, have distinct roles in skeletal muscle differentiation: p204, if overexpressed in proliferating C2C12 myoblasts, can facilitate myoblast fusion (in both DM and GM) (this study), whereas p202a, if overexpressed in proliferating C2C12 myoblasts, inhibits differentiation (in DM) (19) .
Although the various roles and modes of action of p204 and p202a (and possibly p202b) in muscle differentiation remain to be determined, these proteins have characteristics such as antiproliferative, transcription-modulatory, and antiapoptotic activities that might be relevant to their roles in differentiation (15, 16, 19, 44, 49, 52, 56, 80) . Furthermore, p202a (whose level increases during myoblast differentiation after a delay) was found earlier to inhibit the expression of MyoD, as well as the transcriptional activities of MyoD and myogenin (19) . Thus, it is conceivable that p202a might function in muscle differentiation, among other functions, as a feedback inhibitor that limits the accumulation of p204.
Originally p204 was discovered as an interferon-inducible protein (12) . The data presented here establish that its expression can also be triggered by muscle differentiation, which, in the case of skeletal muscle, results in the activation of MyoD and myogenin. Remarkably, this differentiation-dependent expression of p204 does not depend on interferon.
It is of interest that several interferon-inducible proteins (in addition to p204 and p202a) have been reported to be induced during myoblast differentiation (6, 69) . These interferon-inducible proteins include 2Ј-5Ј oligoadenylate synthetase and RNA-activatable protein kinase (PKR). Similarly to p204 and p202a, 2Ј-5Ј oligoadenylate synthetase and PKR may contribute to the inhibition of cell proliferation (72, 75) , which is a prerequisite for differentiation.
